During anaesthesia the combination of breathing at low lung volume, the administration of nitrous oxide and high inspired oxygen concentrations produces conditions that favour absorption atelectasis. Measures such as adding nitrogen to the inspired mixture and avoiding high inspired oxygen concentrations would reduce the amount of perioperative atelectasis if gas absorption was important in the genesis of perioperative pulmonary collapse. Experimental results demonstrate that these measures do not protect against atelectasis. This indicates that absorption atelectasis does not play a significant role in the genesis of perioperative pulmonary collapse. Compression atelectasis may be the underlying mechanism.
pocket remains constant at close to atmospheric pressure, and gas fluxes cause a change in the volume of the pocket. Mixed venous blood continues to perfuse the pocket. The sum of the gas partial pressures in the mixed venous blood is sub-atmospheric, so gas uptake from the pocket by the blood continues and the pocket collapses 4 ,5. The second mechanism is reduction of the inspired V /0. ratio to below a critical level. As the inspired V /0. ratio of a lung unit is reduced, a point is reached where the rate at which inspired gas entering the alveolus is exactly balanced by the gas uptake from the alveolus into the blood. This point is known as the critical V /0. rati0 6 • If the inspired V /0. ratio is reduced further, the lung unit will collapse.
INSPIRED GAS COMPOSITION AND ABSORPTION ATELECTASIS
The rate of absorption of gas from an unventilated area of lung depends in part on the inspired gas composition 7 -'o. The Fi02 and the solubility of any inert gas in the inspired mixture are important determinants of the rate of gas absorption. When the inspired gas contains oxygen and an insoluble inert gas such as nitrogen or helium, the rate of gas uptake is relatively slow and increases as the Fi0 2 increases 9 • 1I (Figure 1) . In contrast, when the inspired gas contains oxygen and a relatively soluble inert gas such as nitrous oxide, the rate of gas uptake is relatively fast. Anaesthetists traditionally consider nitrous oxide to be an insoluble gas, as indeed it is when compared to the volatile anaesthetic agents. However, when considered in physiological terms and compared with gases such as nitrogen, nitrous oxide is highly soluble. When the inspired gas is a mixture of oxygen and nitrous oxide, and the FiOz is greater than 0.3, the rate of gas uptake is faster than when 100070 oxygen is breathed"·lz ( Figure 2 ). Computer modelling 6 . 1J has suggested that critical V /Q is lower when a mixture of oxygen and an insoluble inert gas (Nz or SF 6 ) is breathed than when 100% oxygen is breathed, and higher if the mixture consists of oxygen and a soluble inert gas (NzO) ( Figure  3 ). This suggests that addition of nitrous oxide to the inspired mixture may predispose a patient to absorption atelectasis, whereas addition of nitrogen may protect against it. Evidence of atelectasis following short periods of oxygen breathing has been demonstrated in normal subjects under a variety of conditions that force them to breath at low lung volume '4 -'8 • When nitrogen was added to the inspired mixture the atelectasis was reduced or abolished 14. Absorption of gas trapped by closed airways has been proposed as the mechanism of this atelectasis '6 -'8 , though complete airway closure is not necessary6. While conditions exist predisposing to absorption atelectasis during anaesthesia, this does not necessarily mean that absorption of gas is a significant factor in the genesis of atelectasis during anaesthesia or in the postoperative period. As discussed above, alveolar atelectasis may be caused by three basic mechanismscompression, loss of surfactant, or absorption-and any of these could potentially contribute to atelectasis during anaesthesia and the postoperative period. To assess the significance of the contribution of absorption atelectasis to perioperative pulmonary collapse the results of c1incial trials must be examined,
ATELECTASIS DURING ANAESTHESIA AND SURGERY
With the induction of anaesthesia, FRC is reduced by about 20%22-31 and the alveolar-arterial oxygen gradient increases 32 ,34,35. The reduction in FRC is associated with the development of atelectasis, visible on CT scan in 90% of healthy subjects as dependent lung densities 25 ,36-44. The amount by which FRC is reduced 3o ,31 and the size of the area of atelectasis 41 are independent of whether intravenous or inhalational anaesthesia or muscle relaxation are used, or whether IPPV is used or spontaneous ventilation maintained. The size of the area of atelectasis correlates well with the shunt fraction, suggesting that it causes the increase in alveolar-arterial oxygen gradient seen with the induction of anaesthesia 4o ,44. There are exceptions to this general picture. Ketamine anaesthesia does not cause any reduction in FRC45,46, and no atelectasis develops unless muscle paralysis is added 44 , Methohexitone does not produce a fall in FRC unless the patient is intubated 47 .
Anaesthesia and Intensive Care, Vol. 23, No. 6, December 1995 One study suggested that the fall in FRC did not occur when nitrogen was added to the inspired gas48, but subsequent work showed that the fall in FRC 22 ,27 and Pa02, and development of atelectasis 36 , are independent of the inspired gas composition. During peripheral surgery, the FRC falls with induction of anaesthesia, but is then maintained at the same level, with no progressive reduction 22 ,23. During laparotomy and thoracotomy there is a rise in FRC when the abdominal or thoracic cavity is opened, but FRC has returned to near post-induction levels when the cavity is c1osed 49 ,50. The dependent lung densities are present within five minutes of induction of anaesthesia, and do not increase in size as time progresses 36 . Positive end-expiratory pressure can reduce or eliminate the densities, bUt when PEEP is discontinued they reappear in less than one minute 5 I. While atelectasis develops during anaesthesia, the time course of these changes and the lack of dependence on the inspired gas composition argue strongly against absorption of gas as the underlying cause.
If effects of the inspired gas composition during anaesthesia on atelectasis are mediated by effects of solubility on gas absorption, it is unlikely that it could affect postoperative atelectasis if it does not affect atelectasis during anaesthesia.
POSTOPERATIVE ATELECTASIS
Postoperative pulmonary collapse is a common problem following upper abdominaF and thoracic operations including cardiac surgeryl,l2. The atelectasis visible on CT scan that develops with the induction of anaesthesia, persists into the postoperative period 4l ,51. It is present at 48 hours postoperatively in some patients following cholecystectomy51, and may contribute to postoperative pulmonary dysfunction.
If absorption atelectasis during anaesthesia is important in the genesis of postoperative pulmonary collapse, then including a relatively insoluble gas (e.g. nitrogen) in the inspired gas mixture during anaesthesia should reduce the amount of postoperative atelectasis, Studies examining the effect of the inspired gas composition have used a variety of indices to assess the severity of postoperative atelectasis, including lung volume, arterial blood gases, pulse oximetry, and chest X_rai 2 ,52-56. In addition to atelectasis, these indices may be affected by pain, co-operation, positioning, method of analgesia, pulmonary infection or oedema, pleural effusion and many other factors. These studies compare treatment groups, each receiving a different inspired gas mixture during anaesthesia but otherwise identical management. Presumably any statistically significant difference in the indices of atelectasis between the two treatment groups would be due to absorption atelectasis.
Browne et aP' examined the radiological incidence of postoperative right lung atelectasis following repair of hiatus hernia via left thoracotomy. The substitution of a nitrogen-containing mixture for nitrous oxide in the inspired gases throughout the operation significantly reduced postoperative atelectasis, but this trial had methodological limitations.
Wildsmith and Masson '6 studied P a 02 in two groups of patients, having either varicose vein operations or upper abdominal surgery. Within each group patients were randomly allocated to receive 50070 oxygen with either N, or N,O as the carrier gas. No significant differences were found between the treatment groups in patients following upper abdominal surgery, but in patients following varicose vein surgery, P a 02 was significantly lower in the nitrogen group than in the nitrous oxide group. This finding is difficult to explain, but clearly the maintenance of nitrogenation during anaesthesia did not prevent or reduce postoperative hypoxaemia. Stevens et al" examined postoperative P a 02 in patients having upper abdominal or renal operations. Choice of anaesthesia and premedication were not controlled, but at the end of the anaesthesia patients were randomly assigned to be ventilated for a period of ten minutes with either 100% oxygen or room air. There was no significant difference between the two groups in the perioperative fall in Pa02.
Logan et aP 3 examined lung volume and P a 02 following upper abdominal surgery (vagotomy and pyloroplasty or cholecystectomy). Subjects were randomly and prospectively allocated to receive 30% oxygen in either nitrogen or nitrous oxide during anaesthesia. No significant differences were found between the treatment groups. Joyce 12 examined perioperative lung volumes following abdominal hysterectomy with a lower abdominal transverse incision. Subjects were randomly and prospectively allocated to receive 100% oxygen, a mixture of air and oxygen mixture with FiO, 0.3, or a mixture of nitrous oxide and oxygen with FiO, 0.3. No significant differences were found between the treatment groups. The power of this study is too low to rule out some effect, but suggests that no clinically important difference exists. Joycet' examined postoperative PaO"perioperative lung volumes, and the radiological incidence of atelectasis in patients undergoing coronary artery bypass grafting. Subjects were randomly and prospectively allocated to receive either 100% oxygen or a mixture of air and oxygen as the inspired gas during anaesthesia. No significant differences were found between the treatment groups.
In a randomized prospective trial, Roberts et all< found that in patients who were given nitrous oxide as a component of their intraoperative inspired gas mixture during cholecystectomy, nocturnal arterial oxygen desaturation below SpO, of 85% was less frequent than when nitrogen was given. This surprising finding is the reverse of what would be expected if atelectasis due to gas absorption during anaesthesia played a significant role in producing postoperative nocturnal desaturation. One possible explanation for the difference would be if the nitrogen group had more pain in the early postoperative period.
Patients with respiratory diseases may be predisposed to absorption atelectasis. No studies have examined the effect of the inspired gas mixture on postoperative atelectasis in this group of patients. Findings from trials using subjects without lung disease may not be applicable.
If the inspired gas mixture does not make a clinically significant difference to the incidence and severity of arterial hypoxaemia, atelectasis and lung volume changes in the perioperative period, it would appear that absorption atelectasis during the operation is not a major factor in the genesis of perioperative atelectasis or hypoxaemia. This does not exclude the possibility that postoperative oxygen supplementation may contribute by promoting absorption atelectasis. This is an area that needs further assessment, particularly in view of the recent suggestion that prolonged postoperative oxygen therapy, at least in selected patients, might reduce some of the complications of surgery17. A discussion of other potential mechanisms of perioperative atelectasis and hypoxaemia is beyond the scope of this review.
CONCLUSION
The balance of evidence suggests that absorption atelectasis during anaesthesia and surgery is not a major factor in the genesis of perioperative atelectasis and hypoxaemia. The amount of pulmonary collapse that develops following induction of anaesthesia is independent of the inspired gas mixture. The addition of nitrogen to the inspired gas mixture during anaesthesia has not reduced the incidence or severity of postoperative atelectasis in any of the randomized prospective studies available at present. These conclusions are based on data from patients with normal lungs, and extrapolation to patients with respiratory disease may not be valid.
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Note added in proof
Since this article was submitted, another study examining the effect of Fi02 on pulmonary collapse during anaesthesia has been published (Rothen HU, Sporre B, Engberg G, Wegenius G, Reber A, Hedenstierna G. Prevention of atelectasis during general anaesthesia. Lancet 1995; 345:1387-91). The results of this well-conducted study suggest that absorption atelectasis does play a role in the generation of atelectasis during anaesthesia. It does not examine postoperative atelectasis or lung function.
